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INTRODUCTION 

The a p p l i c a t i o n  of molten z i n c  c h l o r i d e  c a t a l y s t s  t o  the  hydrocracking of poly- 
nuc lear  hydrocarbons, coa l ,  and coa l  e x t r a c t  has been discussed previously .( '1 ,) 3, 

During t h e  hydrocracking process ,  t h e  c a t a l y s t  p a r t i a l l y  r e a c t s  with n i t rogen  and s u l f u r  
i n  the  feed according t o  t h e  r e a c t i o n s ,  

L ZnC1, + H,S = ZnS + 2 HC1 (1) 

znC1, + XNH, = ZnCl, .xNH, (2)  

ZnC1,-yNH3 + yHCl = ZSl,.yNH4c1 ( 3) 
I 
qddit ion of z i n c  oxide t o  t h e  hydrocracking c a t a l y s t  e l i m i n a t e s  r e a c t i o n  (3) and i n t r o -  
duces a new r e a c t i o n  

ZnO + 2 HC1 = ZnC1, + H,O (4 )  

f h e  m e l t  leaving t h e  hydrocracker thus ,  i n  genera l ,  w i l l  conta in  i n  a d d i t i o n  t o  ZnC12, 
t h e  fol lowing compounds: ZnS, ZnClz.xNH,, ZnCl,.yNH,Cl. The r a t i o  of t h e  NH4C1 t o  NH, 
adducts is dependent on t h e  r a t i o  of n i t rogen  t o  s u l f u r  i n  t h e  feed  and t h e  amount of 
ZnO added to  t h e  feed m e l t .  
prganic res idue  t h a t  cannot be d i s t i l l e d  out  of t h e  m e l t .  
iformly d i s t r i b u t e d  i n  t h e  m e l t  and normal€y do not settle out  of t h e . b u l k  melt phase.  

I n  a d d i t i o n  t o  inorganic  impur i t ies ,  t h e  m e l t  contains  
These i m p u r i t i e s  a r e  q u i t e  un- 

A commercial process  us ing  z i n c  c h l o r i d e  must provide a v i a b l e  scheme f o r  regenera- 
1 .  tion of t h e  c a t a l y s t ,  Regeneration of t h e  m e l t  comprises removal of t h e  bulk of the  
ai t rogen,  s u l f u r  and carbon i m p u r i t i e s  and r e t u r n  of t h e  m e l t  a s  r e l a t i v e l y  pure z i n c  
Ehloride. 

I The purpose of t h i s  paper is  t o  present  data  on regenera t ion  of t h e  m e l t  using a 
f l u a s o l i d s  canbustor .  The combustion process  removes carbon, n i t r o g e n  and s u l f u r  from 
phe m e l t ,  s imultaneously vaporizing t h e  zinc ch lor ide  which i s  subsequently condensed 
downst ream from t h e  combustor. 

\ 

, 

EXPERIblENTAL 

huiDment 
i 
I 

A diagram of t h e  equipment i s  shown i n  F igure  1. The m e l t  f e e d  i s  dropped from a 

The f l u i d i z i n g  a i r  is suppl ied  v i a  a tube t h a t  enters t h e  com- 
T r i p  t i p  on t h e  top  f lange  of t h e  combustor i n t o  t h e  f l u a s o l i d s  bed contained i n  t h e  
2y l l i t e  r e a c t o r  l i n e r .  
bus tor  a t  t h e  upper f lange  and extends t o  wi th in  3/4" of t h e  t i p  of t h e  l i ne r  cone where 
it discharges i n t o  t h e  f l u a s o l i d s  bed. The vapors from t h e  combustor a r e  cooled t o  
i50-700°F i n  the condenser where t h e  z i n c  ch lor ide  condenses and HC1 and ZnO, formed by 
iydrolysis  i n  the  oxida t ion  zone, i n t e r a c t  t o  re-form ZnC1,  and H,O. Residual ZnC1, fog 
'rom t h e  condenser is removed from t h e  gas  stream by e l e c t r o s t a t i c  p r e c i p i t a t o r s  operated 
It 650°F, i.e., above t h e  melt ing p o i n t  of ZnC1,. 

1 

The e f f l u e n t  gas  from t h e  p r e c i p i t a t o r s  ( e s s e n t i a l l y  ZnC1,-free) is passed through a 
*ooler where water and some HC1 are removed. 
#assed through an Ascar i te  t r a p  t o  remove a c i d  gases  and then t o  a Beclanan Model E-2 

A small  side-stream of t h e  ' ' d r i '  gas  is 



208. 
oxygen ana lyzer .  
ing aqueous hydrogen peroxide  which removes SO, p l u s  HC1 and aqueous sodium hydroxide 
which removes CO, from the  product g a s .  
ho lder  and t h e  remainder is metered and vented. 

The main stream of d r y  gas  is  passed through tandem scrubbers contain- I 

A f r a c t i o n  of t h e  o f fgas  is d ive r t ed  t o  a gas  

12-16 
S i l i c a  sand, ZnO s i n t e r ,  mu l l i t e  i 

Procedure and Product Workup I 

To charge t h e  f l u o - s o l i d s  bed and s t a r t  a run, t h e  thermowell of t h e  combustor i s  
rep laced  wi th  a tube  surmounted by a c losed  hopper conta in ing  f l u o s o l i d s .  The f l u i d i -  ( 

z ing  a i r  and argon purge f lows  are t h e n  e s t ab l i shed ,  and t h e  f l u o s o l i d s  a r e  charged t o  , 
t h e  r e a c t o r  held a t  1200-1400°F. 
e s t ab l i shed ,  and t h e  combustor is  heated t o  about 50°F below t h e  des i r ed  run  temperature1 
The f eed  is then s t a r t e d  wi th  t h e  vapors going t o  t h e  l ine-out  t r a i n .  When a l l  tempera- 1 
times are l i w d  mt anb the exygen content of the tffiuttnt gas  i s  cons tan t ,  the  vapors ad 
d ive r t ed  through t h e  ba lance  t r a i n  t o  s ta r t  t h e  balance pe r iod .  The weight of melt fed  \ 
dur ing  t h e  balance va r i ed  from 900 t o  6700 grams, depending on t h e  f eed  r a t e .  

Af t e r  rep lac ing  t h e  thermowell, t h e  des i red  pressure  i 

A l l  products,  i nc lud ing  t h e  f luo-so l ids ,  are c o l l e c t e d  and analyzed. 
are made of ch lo r ine  on t h e  product water, ch lo r ine  and s u l f u r  on t h e  hydrogen peroxide 
scrubber e f f l u e n t ,  and c h l o r i n e  and CO, on t h e  sodium hydroxide scrubber e f f l u e n t  to  
o b t a i n  t h e  amounts of HC1, SO, and CO, c o l l e c t e d  i n  these  materials. The scrubbed gas  
c o l l e c t e d  i n  the  gas  holder  i s  analyzed f o r  H ,  CO, COS, SO2, N 2 ,  A and O2 by two-stage 
gas   chromatograph^.(^) The r e s u l t s  from t h e  water, scrubbers,  and gas  holder  are con- 
s o l i d a t e d  t o  ob ta in  t h e  e f f l u e n t  gas composition. Material ba lances  and elemental 
ba lances  are made. The amount of ammonia decomposition is determined by t h e  d i f fe rence  
between inorganic  n i t rogens  i n  t h e  f eed  and e f f l u e n t  m e l t s .  The methods f o r  determinin 
t h e  amount of Z n S  and NH, i n  t h e  melts have been descr ibed  previously.( ' )  

Range of Var iab les  Ehlored 

Temperature, O F  
Pressure ,  p s i a  
S u p e r f i c i a l  a i r  ve loc i ty ,  f p s  
Melt feed  rate, l b / ( f t 2 - h r )  
S u p e r f i c i a l  vapor  res idence  t i m e ,  sec. 
k of S to i ch iomet r i c  a i r  
F l u c r s o l i d s  bed depth,  inches 
Types o f  f luo-so l ids  

S u p e r f i c i a l  a i r  v e l o c i t y  is def ined  a s  t h e  v e l o c i t y  of t h e  a i r  f eed  a t  process condj 
t i o n s  based o n ' t h e  empty r e a c t o r .  S u p e r f i c i a l  res idence  t i m e  is based on t h e  supe r f i c i a )  
v e l o c i t y  and the  f luo - so l id s  bed depth.  S to ich iometr ic  a i r  is  def ined  as t h e  amount t o  
completely burn t h e  NH,, Z n S  and organic  r e s idue  con ten t s  of t h e  f eed  m e l t  according to 
t he  fo l lowing  reactions, 

NH, + '3 /4  0, = 1/2 N, + 3/2 H,O 
(5) i 

Z n S  + 3/2 0, = ZnO-+ SO, I 
Z'Hx + (1 + :) 0, = CO, + f H,O 

The size c o n s i s t s  of t he  f luo - so l id s  were chosen t o  match t h e  f l u i d i z i n g  ve loc i t i e s  
used. The c r i t e r i a  are t h a t  t h e  bed be w e l l  f l u i d i z e d  (bed expansion over t h e  f ixed  bed 
i s  t y p i c a l l y  50-150$) and the te rmina l  ve loc i ty  of t h e  smallest p a r t i c l e  is  such tha t  it 
i s  not e l u t r i a t e d  out of t h e  bed. The size c o n s i s t s  used va r i ed  from 100 x 150 mesh at  
a f l u i d i z i n g  ve loc i ty  of 0.16 f p s  to  20 x 28 mesh a t  a f l u i d i z i n g  ve loc i ty  of 2.67 f P s .  

Feedstocks U s e d  

Analyses of t h e  m e l t  f eeds tocks  are given i n  Table  I .  The n a t u r a l  m e l t s  were P r o -  
duced i n  a continuous ZnC1, hydrocracker w i th  c o a l  e x t r a c t  feed  as descr ibed  previously.(  
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The l o w  carbon and high carbon melts contained, respec t ive ly ,  7.2 and 11.6% of t h e  carbon 
i n  t h e  f e e d  e x t r a c t .  A s y n t h e t i c  m e l t  was'used before n a t u r a l  m e l t  became a v a i l a b l e .  
I t  Was prepared from lampblack (Columbian Eagle Brand), ZnC1, ( F i s h e r  S c i e n t i f i c  CO., 
c e r t i f i e d  reagent ,  98.3$ pure) , ZnS ( F i s h e r  S c i e n t i f i c  Co., " p u r i f i e d '  grade, 974 PU*, 
0.3 p p a r t i c l e  s i z e )  and anhydrous NH, (Matheson CO., 99.99% pure) .  

RESULTS 

Resul t s  With Low-Carbon Feedstocks and Near-Stoichiometric A i r  

Some bas ic  f e a t u r e s  of f luo-so l ids  combustion with t h e  amount of s to ich iometr ic  a i r  
varying between 77 and 116$ are i l l u s t r a t e d  i n  Runs 1 through 4 of Table  11. 
runs,  t h e  a i r  input  was maintained constant  t o  g i v e  a l i n e a r  v e l o c i t y  of 0.4 f p s  and the  
Percent  of s to ich iometr ic  a i r  was var ied  by changing t h e  m e l t  f eed  rete. 
burn-out of the organic ,  s u l f u r ,  and n i t rogen  impur i t ies  i s  obtained a t  a i r  inputs  f r o m  
115 t o  904 of s to ich iometr ic .  

With excess  air, there is a s u b s t a n t i a l  amount of oxygen i n  t h e  
off-gas s i n c e  t h e  impur i t ies  a r e  i n s u f f i c i e n t  t o  u t i l i z e  a l l . o f  the oxygen fed .  
with a s l i g h t  def ic iency of a i r  a s u b s t a n t i a l l y  oxygen-free o f f g a s  is generated which 

' c o n t a i n s  s u f f i c i e n t  CO t o  provide f o r  reduct ion  of t h e  SO, to  elementary s u l f u r  by the  

I n  these  

Nearly Complete 

Sul fur  is  burned t o  SO2, carbon t o  CO, p l u s  CO, and ammonia 

However, 
I t o  n i t rogen  p lus  water.  

\reaction 
I 
I 2 co + so, = 1/2 s, + 2 co, ( 8 )  

A s  t h e  percent  of s to ich iometr ic  a i r  is lowered f u r t h e r  from 90 t o  77$, the CO content  i of t h e  gas  f u r t h e r  increases  and a s u b s t a n t i a l  amount of hydrogen appears .  There is  a l s o  
~ a very marked decrease i n  t h e  burnout of inorganic  s u l f u r ,  but only a moderate decrease 

i n  carbon burnout. 
of CO i n  the gas i s  i n  l a r g e  excess  of t h a t  requi red  f o r  reduct ion  of t h e  SO, t o  elemen- 
t a r y  s u l f u r .  

Thus, i n  th i s  case, s u l f u r  r e j e c t i o n  t o  gas  i s  poor and the amount 

The r e j e c t i o n  of NH, by combustion is a l s o  poorer  a t  l o w  a i r  r a t e s .  

I 

' h e a t i n g  value is still too l o w  f o r  t h e  gas t o  be of value. 

The hea t ing  value of t h e  gas  increases  w i t h  decreasing amounts of s to ich iometr ic  a i r  
due to  the increas ing  m o u n t s  of CO and 8, produced, bu t  at 77$ of s to ich iometr ic  t h e  

The above d a t a  show t h a t  t h e  impur i t ies  are s e l e c t i v e l y  oxidized from t h e  m e l t  in 
preference  t o  z i n c  ch lor ide .  

I Zinc c h l o r i d e  is e s s e n t i a l l y  inert t o  d i r e c t  ox ida t ion  according t o  the  r e a c t i o n  

I Z ~ C I ,  + 1/2 0, = zno + CI, (9) 

T h i s  is shown by t h e  f a c t  t h a t  no C1, was found i n  the  e f f l u e n t  gas  a t  any condi t ion  
However, s i g n i f i c a n t  q u a n t i t i e s  of HC1 appear i n  t he  e f f l u e n t  gas  a s  the da ta  

of Table I1 show. It is produced by hydro lys is  of ZnC1, vapor w i t h  t h e  steam generated 1 tested. pin t h e  combustion process .  This  is' discussed more f u l l y  b e l o w .  

\ Operabi l i ty  of the f luo-so l ids  combustor w a s  demonstrated over a wide range of 
Ispent m e l t  f eed  rates, i.e., 7.1-347 lb/(  f t 2 - h r ) .  The l a t t e r  value c l o s e l y  approaches 

"commercially a t t r a c t i v e  r a t e s .  Run 5 of Table  I1 i l l u s t r a t e s  r e s u l t s  a t  t h e  high feed  
' rate of 347 l b / ( f t 2 - h r )  under 3 atmospheres pressure .  

t i m e ,  it is seen t h a t  t h e  r e s u l t s  are s i m i l a r  t o  those obtained a t  1 atmosphere i n  the 
'lower capac i ty  opera t ion  of Run 4 .  
atmospheres pressur0  us ing  a l i n e a r  Velocity of 2.67 f p s  at  654 of s t o i c h i o m e t r i c  a i r .  

\The r e s u l t s ,  not presented here, w e r e  q u i t e  s i m i l a r  to those of Run 5 .  
( d u e  t o  agglomeration of the bed s o l i d s  were encountered i n  any of t h e  work. 

Allowing f o r  t h e  lower residence 

The same high feed  r a t e  was demonstrated at 1.2 

No d i f f i c u l t i e s  

I 'I 

,. 
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E f f e c t s  of Var iab les  

F igures  2, 3 and 4 show t h e  e f f e c t  of the va r i ab le s  on t h e  d i s t r i b u t i o n  of carbon 
and s u l f u r  i n  the  product gas,  m e l t ,  and f l u & s o l i d s .  
i n  the f luo-so l ids  has  t o  be taken i n t o  account i s  t h a t  t h e  f luo-so l ids  tend  t o  t r ap  
and r e t a i n  non-volat,ile s o l i d s  (C, ZnS, and ZnO), and t h a t  a s teady-s ta te  condition 
i n  t h e  f luo-so l ids  bed was not reached with r e spec t  to  t h i s  r e t e n t i o n .  The carbon or  
s u l f u r  r e t a ined  i n  t he  bed, a s  obtained by d i f f e rence  on t h e  p l o t s ,  inc ludes  losses. 
However, analyses of t h e  used f luo-so l ids  confirm t h a t  t h e  bulk of t h e  s u l f u r  and carbon 
not appearing i n  e i t h e r  t h e  gas or m e l t  was r e t a ined  i n  t h e  f luo-so l ids  bed. The ten- 
dency of t h e  fluo-.solids bed t o  t r a p  non-vola t i le  s o l i d s  provides  f o r  r e t e n t i o n  and 
b e t t e r  u t i l i z a t i o n  of t h e  combustibles.  In add i t ion ,  t he  bed a c t s  as a thermal flywheel 
f o r  maintaining i g n i t i o n .  

The reason t h a t  t h e  d i s t , r i bu t ion  

! 
Figure 2 shows t h e  e f f e c t  of t h e  percent  of s to i ch iomet r i c  a i r  on t h e  d i s t r i b u t i o n  

of carbon i n  the  products ,  u s ing  the  n a t u r a l  m e l t  f eed  and t h e  similar syn the t i c  m e l t  
f eed .  With t h e  n a t u r a l  m e l t  f e e d  t h e r e  i s  a s t e a d y  decrease of carbon burnout as the  
percent  of s to i ch iomet r i c  a i r  decreases,  but burn-out s t i l l  is q u i t e  good even a t  544 
of s to i ch iomet r i c  a i r .  As t h e  carbon burnout decreases,  t h e  carbon r e t a ined  i n  t h e  b e d ,  
s u b s t a n t i a l l y  inc reases .  Carbon burnout does not decrease  apprec iab ly  wi th  reduction of 
percent  stoichiometric a i r  i n  t h e  case of the  s y n t h e t i c  m e l t  f e ed .  This  may be due t o  / 
a h igher  r e a c t i v i t y  o f  the carbon black but  more l i k e l y  it is due t o  supe r io r  f lu id iza- .  
t i o n  p rope r t i e s  of t h e  s i l i c a  sand used as compared w i t h  the ZnO s i n t e r  used f o r  the , 
n a t u r a l  m e l t  runs. 

F igure  3 shows how, w i t h  a def ic iency  of a i r ,  the  carbon burnout e f f i c i ency  i n c r e a s k  
with increas ing  r e s idence  t i m e .  A t  constant. res idence  t i m e ,  increas ing  t h e  pressure f r c  
1.0 t o  3.1 atmospheres appears  t o  inc rease  somewhat t h e  e f f i c i e n c y  of carbon burnout. 

F igure  4 i l l u s t r a t e s  how s u l f u r  burnout drops ab rup t ly  from almost complete burnout 
a t  90$ or more of s t o i c h i o m e t r i c  a i r  t o  where only s m a l l  amounts of s u l f u r  are gas i f i ed  
a t  a i r  inpu t s  below about 0 4  of s to i ch iomet r i c .  
c a r r i e d  over i n t o  t h e  m e l . t ,  t he  m a j o r i t y  i s  r e t a i n e d  i n  t h e  bed. With t h e  synthe t ic  
m e l t  feed, t h e  s u l f u r  burnout is less complete, whereas carbon burnout w a s  more COmplet: 
P o s s i b l e  reasons f o r  t h i s  were g iven  above. The r e s u l t s  -do i n d i c a t e  t h a t ,  a t  some 
condi t ions ,  i t  is p o s s i b l e  t o  produce a low-sulfur off-gas with as h igh  as 80% of stoich 
ometric a i r .  

Although some of t h e  unburned ZnS is 

Figure  5 shows t h a t  ammonia decanpos i t ion  decreases  q u i t e  r ap id ly  and almost. I 
l i n e a r l y  a s  the  percent  of s t o i c h i u n e t r i c  a i r  is reduced below 100% at 2.4 seconds resi- 
dence time. 
by thermal decanpos i t ion  according t o  t h e  following r eac t ion :  

h o n i a  can be destroyed e i t h e r  by oxida t ion  according t o  r e a c t i o n  (.4) 01 

Z&l2.NH, = ZnC1, + 1/2 N 2  + 3/2 H2 

When opera t ing  w i t h  approximately s to i ch iomet r i c  a i r ,  t h e  oxida t ion  r eac t ion  l i k e l y  Pre. 
dominates, and decomposition i s  q u i t e  complete i n  2.4 seconds res idence  time. 
def ic iency  of a i r ,  thermal decomposition by Reaction (10) probably predominates. SiX’Icel 
thermal decomposition of ammonia i s  r e l a t i v e l y  slow, longer res idence  t i m e s  and/or high/ 
temperatures are requ i r ed  t o  g e t  e f f ic ien t  ammonia decomposition when opera t ing  w i t h  a ’ 
def ic iency  of a i r .  It is important t h a t  t he  ammonia conten t  of t h e  regenerated m e l t  be 
l o w  because ammonia i n h i b i t s  t h e  hydrocracking a c t i v i t y  of t h e  m e l t .  

Resu l t s  With t h e  Hiah-Carbon Feedstock 

With a 

The r e s u l t s  w i th  t h e  low-carbon feeds tocks  ind ica t ed  t h a t ,  by opera t ing  with a 7 
deficiencji of P i i ,  B iuW-suiiur, iow-Btu gas might be produced dur ing  t h e  melt regen- 
e r a t i o n .  
f eed  using a l a rge  de f i c i ency  of a i r ,  i.e., 44 t o  594 of s to i ch iomet r i c .  

Table I11 g i v e s  experimental  examples of r e s u l t s  With t h e  high-carbon melt 
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These r e s u l t s  show t h a t  a low-sulfur f u e l  gas can be obtained by ope ra t ing  with 
56% O r  less of t h e  s to i ch iomet r i c  a i r  a t  1800'F and 6.25 seconds con tac t  t i m e .  
Btu conten t  of t h e  gas goes up a s  t h e  a i r  i put  i s  reduced, a s  expected. 
hea t ing  va lue  achieved i n  t h i s  work was 81 Btu / f t3  a t  44$ of s to i ch iomet r i c  a i r  input .  

The 
The h ighes t  

Two runs ,  6 and 7, a r e  shown i n  Table I11 wherein t h e  residence t i m e  was decreased 
t o  2.4 seconds wi th  approximately t h e  same a i r  input  a s  Run 8. 
i n  s u l f u r  d ioxide  conten t  of t h e  gas  and a decrease  i n  carbon burnout e f f i c i e n c y  Was 
observed. Comparison of runs 6 and 7 show t h a t  i nc rease  of temperature from 1800 t o  
l m ° F  s t rong ly  increases  t h e  ex ten t  of NH, decomposition and a l s o  inc reases  t h e  B t U  
l e v e l  of t h e  gas .  As with  t h e  lower-carbon m e l t ,  HC1 appears i n  t h e  e f f l u e n t  gas i n  
an amount equiva len t  t o  2 t o  3 w t .  $ of t h e  f eed  m e l t .  

E f f e c t s  of t h e  Var iab les  

A s u b s t a n t i a l  i nc rease  

F igures  6 and 7 show t h e  d i s t r i b u t i o n  of carbon and s u l f u r ,  r e spec t ive ly ,  i n  t h e  
,), products as a func t ion  of pe rcen t  s to i ch iomet r i c  air  a t  res idence  times of 6.25 and 2.4 

seconds.  
t h e  low-carbon melts. 
Percent  s to i ch iomet r i c  a i r  a t  t h e  r e s idence  times of 6.25 and 2.4 seconds.  The main 

,po in t  brought ou t  by F igures  6, 7, and 8 is t h a t  a minimum gas  res idence  t i m e  in excess 
of 2.4 seconds i s  requi red  t o  ge t  e f f i c i e n t  carbon burnout a t  1800°F and to  produce a 

' s u b s t a n t i a l l y  su l fu r - f r ee  gas  of r e l a t i v e l y  h igh  hea t ing  value.  
I r equ i r ed  t o  achieve similar r e s u l t s  is  lower a t  a higher temperature as comparison of 

These d i s t r i b u t i o n s  gene ra l ly  fo l low a similar p a t t e r n  t o  t h a t  ob ta ined  wi th  
F igure  8 shows t h e  hea t ing  value of t h e  o f fgas  as a func t ion  of 

The res idence  t i m e  

r e s u l t s  i n  Table I11 with those  i n  F igures  6, 7, and 8 show. 1 
, DISCUSSION 

' HC1 i n  the Product G a s  and Recoverv 

Steam genera ted  in t h e  canbus t ion  process  hydrolyzes ZnCl, vapors t o  produce H C l  
by the r e a c t i o n  

ZnC1, + H,O = ZnO + 2 HC1 (11) 
I 

1 The HC1 formed is l a rge ly  recovered by r e v e r s a l  of t h e  hydro lys is  r e a c t i o n  a t  t h e  lower 
temperature of t h e  ZnC1, condenser. There is s u f f i c i e n t  t o t a l  hydrogen i n  t h e  low-  

, carbon f eed  m e l t ,  f o r  example, t o  p o t e n t i a l l y  hydrolyze 74$ of the. ZnC1, i n  the  feed  
; i f  a l l  of t h e  hydrogen were oxid ized  t o  water. 

w a s  incomplete, and hence, s i g n i f i c a n t  amounts of HC1 appeared i n  the product gas  as 
, shown i n  Tables I1 and 111. The reasons for t h i s  a r e :  
' t a c t  between t h e  ZnO dus t  and HC1 i n  t h e  condenser, and (2 )  ZnO s t a r v a t i o n  i n  the  con- 

Reversal  of the r e a c t i o n  i n  these  s t u d i e s  

(1) Re la t ive ly  i n e f f i c i e n t  con- 

denser .  The ZnO s t a r v a t i o n  was caused by r e t e n t i o n  of some ZnO i n  t h e  f lu-sol ids  bed. 

Separa te  s tud ie s ,  not r epor t ed  here,( ') have shown tha t  wi th  an e f f i c i e n t  scrubber 
'opera ted  a t  650-750'F much b e t t e r  HC1 recovery  can  be obta ined  than w a s  demonstrated i n  

t h i s  work. 
bracke ted  exper imenta l ly  by s tudying  t h e  r e a c t i o n  from t h e  H,O s i d e  a s  w e l l  as t h e  HC1 

The equi l ibr ium cons tan t  f o r  t h e  hydro lys i s  r e a c t i o n  a t  650 and 750'F was 

a s ide .  The values obtained are: 

Th i s  work i n d i c a t e s  t h a t  i f  equ i l ib r ium had been reached a t  650°F i n  the  condenser w i t h  
Ithe gas genera ted  i n  Run 2 of Table  11, HC1 i n  t h e  e f f l u e n t  gas  would be  0 .63  w t  $ or 

'I lower (on mel t ) ,  i n s t ead  of t h e  2.8% a c t u a l l y  observed. 
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Mechanism of Formation of Low-Sulfur Fuel Gas 

The r e s u l t s  above have shown t 'iat by opera t ing  wi th  a r e l a t i v e l y  l a r g e  deficiency 
of a i r ,  a low-sulfur f u e l  gas  is produced providing s u f f i c i e n t  res idence  times a r e  
employed. Large amounts of CO and H, are produced by incomplete combustion and a l s o  by 

i n  t h e  lower p a r t  of t h e  f luo - so l id s  bed ( n e a r  t h e  a i r  i n l e t )  by roas t ing  of ZnS 
(Reaction 6 ) .  
i ng  r eac t ions  tend t o  proceed t o  completion: 

I 
. secondary g a s i f i c a t i o n  of unburned carbon by CO, and H,O. Undoubtedly, SO, is generated 

However, i f  s u f f i c i e n t l y  long vapor res idence  times are used, t h e  follow- I 

I 
I 

i 

The ZnO trapped in t h e  f luo - so l id s  bed thus  a c t s  as a s u l f u r  acceptor,  and i f  equi- 
l i b r ium i n  Reaction (13) i s e s t a b l i s h e d ,  t h e  gas  produced is almost completely f r e e  of 
s u l f u r .  
equ i l ib r ium PSo, = 2.3 x lo-' a t m  and PH,S = 7.3 x lC5 a t m .  

AuDlication of Resul t s  t o  a Commercial Process  

Thus, f o r  example, i f  PH,~ = 5 x 10-' atm and PH, = 5 x 10-' atm, then  a t  

In order t o  conduct t h e  regenera t ion  process  ad iaba t i ca l ly ,  i t  i s  necessary tha t  t h e  

i 

I 

h e a t s  of combustion of t h e  organic ,  NH3, and ZnS impur i t i e s  i n  t h e  spent  m e l t  be su f f i -  
c i e n t l y  g r e a t  to vaporize the m e l t  and achieve t h e  d e s i r e d  bed temperature.  The 
opera t ing  temperature range would gene ra l ly  l i e  wi th in  t h e  l i m i t s  of about 1600-2100°F. 
The maximum temperature i s  d i c t a t e d  by t h e  po in t  at  which d e f l u i d i z a t i o n  occurs due t o  ! 
i n c i p i e n t  s i n t e r i n g  of t h e  f luo - so l id s .  The minimum temperature i s  d i c t a t e d  by the  I 

p o i n t  a t  which adequate r e a c t i o n  k i n e t i c s  p r e v a i l  f o r  carbon combustion and n i t rogen  
and s u l f u r  removal. 
range of 1750-1950°F. 

In gene ra l ,  t h e  p r e f e r r e d  ope ra t ing  temperature i s  probably i n  the  

! 
I Figure  9 gives  t h e  a d i a b a t i c  combustor temperature f o r  s e v e r a l  f e e d  melts a s  a 

f u n c t i o n  of t h e  percent  of s to i ch iomet r i c  a i r  and t h e  m e l t  carbon g a s i f i e d .  The input 
m e l t  and a i r  temperatures were assumed t o  be 8W°F and 440°F, r e spec t ive ly ,  while product 
d i s t r i b u t i o n s  obtained i n  actual  runs  w e r e  used i n  c a l c u l a t i o n  of t h e  hea t  and mater ia l  
ba lances .  Ext rapola t ion  of t h e  resul ts  of F igu re  9 shows tha t  a t  lo$ sto ich iometr ic  
a i r  t h e  feed  m e l t  m u s t  c o n t a i n  between 3.5 t o  4.74 i n  o rde r  t o  remain wi th in  the pre- 
f e r r e d  temperature l i m i t s .  
p rocessed  by lowering the p rehea t  temperatures o r  by making a s l i g h t  reduct ion  i n  the  
amount of air used. 

Somewhat h igher  carbon m e l t s ,  i.e., up to  about 64, can be 

S t i l l  h ighe r  carbon f eeds  r equ i r e  f u r t h e r  l oge r ing  t h e  percent of 
I 

3 H, + SO, G H,B + 2 HzO K,, = (H~S)(H,0)2/(H,)3(S0,) = 6 .3  x lo4 a t  1800'F (121 

H,S + ZnO = ZnS + H,O K,, = (H,O)/(H,S) = 6.8  x 102 a t  lSOO°F 
Ki, = (H20)3/(H2)3(S02) = 4.3 x lo' 3 E, i SO, + ZnC = Z d  + 3 Ha0 

I 

d 

(13) 
I 

The equi l ibr ium Constant K,, was c a l c u l a t e d  from spec t roscopic  da t a  of Gordon.( '1 
value  of K,, was obta tned  from t h e  product of t h e  equi l ibr ium cons tan t s  f o r  Reactions (1) 
and ( 4 ) .  The 
of Kapustinski?') and t h a t  f o r  Reaction ( 4 )  was ca l cu la t ed  from ava i l ab le  thermodynamic 
d a t a  on z i n c  compounds.(') 
qu i r ed  t o  obta in  If,, . 

The 

I 
u i l ib r ium cons tan t  f o r  Reaction (1) was obtained from experimental data 

Ex t rapo la t ion  t o  18OO'F on a p l o t  of l og  K vs 1/T was re- 
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The second opera t ing  regime is  a two-stage process  t h a t  handles a ' r e l a t i v e l y  
high-carbon melt and u s e s  a def ic iency of a i r ,  i .e.,  about 35-60$ of s to ich iometr ic ,  
i n  order  t o  s t a y  within t h e  opera t ing  temperature l i m i t s . ,  
a low-sulfur f u e l  gas is produced i n  the  f i r s t  s tage  and the  s u l f u r  is  l a r g e l y  
t rapped a s  ZnS i n  t h e  f luo-so l ids  bed. This s u l f u r  is r e j e c t e d  by a Separate  com- 
bus t ion  opera t ion  where t h e  t rapped s u l f u r  i s  removed by Reaction (6 ) .  The s u l f u r  is 
l i b e r a t e d  a s  a separa te ,  concentrated SO, stream, from which it i s  r e l a t i v e l y  easy t o  
recover  elementary s u l f u r .  
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TABLE I 

A n a l y s i s  of M e l t s  Used 

Coumosition 

wt $ 
N . 4  
c .  
org.  H 
org. N 
org. S 

zns 
ZnO 

. Z n c l ,  

H Z 0  

"LOW" Carbon 
Natural  Spent M e l t  

1.56 
5.42 
0.25 
0.17 
0.05 

84.27 
4.32 
0.46 
3.50 

"High" Carbon 
Natural  SDent Melt 

1.35 
8.76 
0.44 
0.16 
0.07 

80.55 
3.62 
1.37 
3.68 

Synthe t ic  
M e l t  

1.37 
5.78 

0.13 
0.08 

84.77 
4.59 
0.70 
2.58 

-- 
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TABLE I1 

Resu l t s  With Low-Carbon N a t u r a l  Melt a t  
Higher A i r / M e l t  Ra t ios  

Temperature = l8MPF 

Run No. 

fa of Stoichiometr ic  A i r  
S u p e r f i c i a l  A i r  Veloc i ty ,  f p s  
S u p e r f i c i a l  Residence Time, sec 

Melt Feed Rate, l b / ( h r ) ( f t 2 )  
Pressure, psia 

Resu l t s  
$ M1, Burned t o  N, + H,O 
46 C 
$ ZnS Burned t o  SO, + ZnO 
H C 1  Produced, Wt $ Feed hlelt 

Burned t o  CO + C 0 ,  

D r y  Ex i t  Gas. V o l  $ 
so2 
co. 
0 2  
H 2  

Exi t  Gas - Heating Value 
Gross Btu/f t 

1 

115 
0.41 
2.44 

28.6 

- 

7 c  (I Id ." 

98 
95 

100 
3.3 

1.44 
2 .oo 
2.57 
0.05 

6.6 

2 

108 
0.38 
2.63 
I" .o 
31 .O 

- 

7 ( I  

8 9  
91 
100 
2 .o 

1 .43  
2.62 
2.57 
0.08 

8.7 

3 4 

9 0  77 
0.42 0.42 
2.39 2.38 
I d  .c I.l.4 

34 .O 54.5 

- 

1 c  0 

78 67 
89 86 
9 1  28 

2.8 3 . 5  

1.49 0.52 
3.57 4.77 
0.23 0.05 
0.06 0.55 

11.7 17 .o 

TABLE I11 

Results With Hiah-Carbon Natura l  Spent Melt 

Run No. 

$ of Stoichiometr ic  A i r  
S u p e r f i c i a l  Veloc i ty ,  f p s  
S u p e r f i c i a l  Residence Time, sec 
Temperature , OF 
Pressure ,  p s i a  
Melt Feed Rate, l b / ( h r ) ( f t 2 )  
Fluo-Solids Used 

Resu l t s  
NH, Decomposed 

$ C Burned t o  CO + CO, 
$ Inorganic S Burned t o  SO, 
H C 1  Produced, Wt $ Feed Melt 

D r y  E x i t  Gas. V o l  $ 
CO, 

H 2  

so2 
N2 
0 2  

CO 

HC 1 

Dry Ex i t  Gas Gross Heating Value, 
Btu/f t 

58 59 
0.41 ' , 0.42 
2..44 2.38 
1800 1900 
15.3 1 5 . 2  
37.2 36.9 

4 MU 

c - 6 5 x 1 0 0  hl  4 

28 70 
72 75 
9 . 24 

2 .6 2.9 

13.2 12.7 
5 . 2  6.9 
.1 . x 7.8 

0.3x 0.33 
72.7 69 ..? 
0.0 0.0 
2 . i  2 .9  

35 4 7 

5 

74 
1.05 
0.95 

46 
34 7 

- 

5 50 
87 
29 

2.4 

0.55 
5.76 
0 .OO 
1.84 

24.5 

9 8 - 
56 44 

0.16 0.16 
6.25 6.25 
1800 1800 
15 .O 14.8 
14.1  17.6 

l i t e  9 
-100x150 hl 3 

52 63  
84 78 
0 1.5 

3.2 2 .o 

9.9 9.2 
10.8 13.4 

7.8 11.7 
0 .oo 0.03 
68.5 63.5 
0.0 0.0 
3.0 2 -2 

60 8 1  
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